
BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a 
piezoelectric/electrostrictive device which is provided with 
a movable section to be operated on the basis of a 
displacement action of a piezoelectric/electrostrictive 
element ♦ 

d escr i ption — o f the RelaLed Arty 

Recently, a displaceme^^t element, which makes it 
possible to adjust the oj^tical path length and the position 
in an order of submicx^n, is required, for example, in the 
fields of the optids, the magnetic recording, and the 
precision machi^ng. Development is advanced for the 
displacement /element based on the use of the displacement 
brought about by the inverse piezoelectric effect or the 
electrofitrictive effect caused when a voltage is applied to 
a pi^oelectric/electrostrictive material (for example, a 

As shown in FIG. 12, for example, those hitherto 
disclosed as such a displacement element include a 
piezoelectric actuator comprising a fixation section 204, a 
movable section 206, and a beam section 208 for supporting 
them which are formed in an integrated manner with a hole 
202 provided through a plate- shaped member 200 composed of a 
piezoelectric/electrostrictive material and with an 



electrode layer 210 provided on the beam section 208 (see, 
for example, Japanese Laid-Open Patent Publication No. 10- 
136665) . 

The piezoelectric actuator is operated such that when a 
voltage is applied to the electrode layer 210, the beam 
section 208 makes expansion and contraction in a direction 
along a line obtained by connecting the fixation section 204 
and the movable section 206 in accordance with the inverse 
piezoelectric effect or the electrostrictive effect. 
Therefore, the movable section 206 can perform circular arc- 
shaped displacement or rotational displacement in the plane 
of the plate-shaped member 200. 

On the oth o r hand, — i3Pap Qncoc Laid Open Patenjb^ 
Publication No. 63-64640 discloses a technique in relation 
to an actuator based on the use of-'^bimorph. In this 
technique, electrodes f or thg bimorph are provided in a 
divided manner. The acftuator is driven due to the selection 
of the divided eljef6trodes , and thus the highly accurate 
positioning i^performed at a high speed. This patent 
documenjxfespecially in FIG. 4) discloses a structure in 
whiptt, for example, two bimorphs are used in an opposed 

However, the piezoelectric actuator described above 
involves such a problem that the amount of operation of the 
movable section 206 is small, because the displacement in 
the direction of expansion and contraction of the 
piezoelectric/electrostrictive material (i.e., in the in- 



plane direction of the plate-shaped member 200) is 
transmitted to the movable section 206 as it is. 

All of the parts of the piezoelectric actuator are made 
of the piezoelectric/electrostrictive material which is a 
fragile material having a relatively heavy weight. 
Therefore, the following problems arise. That is, the 
mechanical strength is low, and the piezoelectric actuator 
is inferior in handling performance, shock resistance, and 
moisture resistance. Further, the piezoelectric actuator 
itself is heavy, and its operation tends to be affected by 
harmful vibrations (for example, residual vibration and 
noise vibration during high speed operation). 

In order to solve the problems described above, it has 
been suggested that the hole 202 is filled with a filler 
material having flexibility. However, in this case, it is 
clear that the amount of displacement, which is brought 
about by the inverse piezoelectric effect or the 
electros trictive effect, is decreased. 

SUMMARY OF THE INVENTION 
The present invention has been made taking the 
foregoing problems into consideration, an object of which is 
to provide a piezoelectric/electrostrictive device which 
makes it possible to realize a long service life of the 
device and miniaturize the device and which is scarcely 
affected by harmful vibration and capable of high speed 
response with high mechanical strength while being excellent 



in handling performance, shock resistance, and moisture 
resistance. 

According to the present invention, there is provided a 
piezoelectric/electrostrictive device comprising a pair of 
mutually opposing thin plate sections made of metal and a 
fixation section for supporting the thin plate sections; an 
object attached to forward end portions of the pair of thin 
plate sections; and one or more 

piezoelectric/electrostrictive elements arranged on at least 
one thin plate section of the pair of thin plate sections; 
wherein an areal size of a surface of the object opposed to 
the thin plate section is larger than an areal size of an 
object attachment surface of the thin plate section. 

Accordingly, it is possible to displace the pair of 
thin plate sections to a great extent, and it is possible to 
realize a high speed of the device, especially of the pair 
of thin plate sections (realize a high resonance frequency). 
Further, it is possible to obtain a displacement element 
which is scarcely affected by any harmful vibration, which 
is capable of high speed response, which has a high 
mechanical strength, and which is excellent in handling 
performance, shock resistance, and humidity resistance. 
Furthermore, it is possible to obtain a sensor element which 
makes it possible to accurately detect the vibration of the 
movable section. 

*spe€4ai±y7 — in the preoont invention; — the device ic^ 
excfti L en4:— I n ctrength and - toughneoi^ , aiia Lhu Qovic o is . 



capa b l e of -TOspgiidlng to any -rp aick displacemeiiL duLlu^i^ 
because the thin plate section is made of metal ^/Therefore, 
according to the present invention, it is posTsible to 
sufficiently respond to any variation of^he environment of 
the use and any severe state of the^ise. It is possible to 
realize a long service life of tfie 

piezoelectric/electrostrict±<^ device, and it is possible to 
contemplate the handling performance of the 
piezoelectric/ele^ti^ostrictive device. Further, the thin 
plate secti<mx-^n be greatly displaced at a relatively low 
voltage^^d it is possible to achieve the realization of a 
highspeed of the displacement action of the thin plate 
rection^-frealize a high resouanO<^ Ir^fgroRoy-)-. 

In the device constructed as described above, it is 
also preferable that a first adhesive is allowed to 
intervene between the piezoelectric/electrostrictive element 
and the thin plate section. It is also preferable that the 
object is secured to the object attachment surface of the 
thin plate section by the aid of a second adhesive. 

In the arrangements as described above, the first 
adhesive and/or the second adhesive may be composed of 
organic resin, or the first adhesive and/or the second 
adhesive may be composed of glass, brazing material, or 
solder. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
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accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a perspective view illustrating an 
arrangement of a piezoelectric/electrostrictive device 
according to an embodiment of the present invention; 

FIG. 2 shows a perspective view illustrating a first 
modified embodiment of the piezoelectric/electrostrictive 
device according to the embodiment of the present invention; 

FIG. 3 shows a perspective view illustrating a second 
modified embodiment of the piezoelectric/electrostrictive 
device according to the embodiment of the present invention; 

FIG. 4 illustrates a situation in which both of 
piezoelectric/electrostrictive elements do not make the 
displacement action in the piezoelectric/electrostrictive 
device according to the embodiment of the present invention; 

FIG. 5A shows a waveform illustrating a voltage 
waveform to be applied to the first 
piezoelectric/electrostrictive element ; 

FIG. 5B shows a waveform illustrating a voltage 
waveform to be applied to the second 
piezoelectric/electrostrictive element ; 

FIG. 6 illustrates a situation in which the 
piezoelectric/electrostrictive element makes the 
displacement action in the piezoelectric/electrostrictive 
device according to the embodiment of the present invention; 



FIG. 7 Shows a magnified view illustrating another 
exemplary arrangement of the piezoelectric/electrostrictive 
element ; 

FIG. 8 illustrates an example in which thick-walled 
sections are provided at portions of respective thin plate 
sections to which an object and a fixation section are 
bonded respectively; 

FIG. 9 illustrates an example in which thick-walled 
sections are provided at portions of respective thin plate 
sections to which an object is bonded; 

FIG. 10 illustrates an excunple in which no thick-walled 
section is provided for respective thin plate sections; 

FIG. 11 illustrates an example in which projections for 
forming compartments for the purpose of adhesion are 
provided at portions of respective thin plate sections to 
which an object and a fixation section are bonded 
respectively; and 

FIG. 12 shows an arrangement of a 
piezoelectric/electrostrictive device concerning an 
illustrative conventional technique. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Explanation will be made below with reference to FIGS. 
1 to 11 for illustrative embodiments of the 
piezoelectric/electrostrictive device according to the 
present invention . 

As shown in FIG. 1, the piezoelectric/electrostrictive 
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device 10 according to this embodiment comprises a pair of 
mutually opposing thin plate sections 12a, 12b made of 
metal, a fixation, section 14 for supporting the thin plate 
sections 12a, 12b ,\ and an object 18 allowed to intervene 
between forward end\portions of the pair of thin plate 
sections 12a, 12b. Hjie piezoelectric/electrostrictive 
device 10 further compi;;Lses piezoelectric/electrostrictive 
elements 20a, 20b which ^re arranged on outer surfaces 
(hereinafter referred to as "side surfaces") of the pair of 
thin plate sections 12a, 12b respectively. The 
piezoelectric/electrostrictive device 10 is operated such 
that the object is displaced i^ accordance with the driving 
of the piezoelectric/electrostrXctive element or elements 
20a and/or 20b, 

The object 18 is bonded by th>B aid of an adhesive 100 
between the forward end portions of \the respective thin 
plate sections 12a, 12b. The fixatioh section 14 is bonded 
by the aid of an adhesive 102 between icearward end portions 
of the respective thin plate sections 12^^, 12b, 

The piezoelectric/electrostrictive elements 20a, 20b 
are prepared as separate members, and the prepared 
piezoelectric/electrostrictive elements 20a, \ 20b are secured 
to the side surfaces of the thin plate sectioAs 12a, 12b 
respectively with the adhesive 104. Those usable as the 
adhesives 100 to 104 include, for example, organic resin, 
glass, brazing material, and soldering glass. 

The piezoelectric/electrostrictive element 20a\ 20b 
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comprises a piezoelectric/electrostrictive layer 22, and a 
pair of electrodes 24, 26 which are formed on both sides of 
the piezoelectric/electrostrictive layer 22. The first 
electrode 24 of the pair of electrodes 24, 26 is formed at 
5 least on each of the pair of thin plate sections 12a, 12b. 

In the embodiment of the present invention, each of the 
piezoelectric/electrostrictive layer 22 and the pair of 
electrodes 24, 26 has a multilayered structure, and the 
first electrode 24 and the second electrode 26 are 
10„ alternately stacked with each other to give a substantially 

comb -shaped cross section to provide the 

pi 

N piezoelectric/electrostrictive element 12a, 12b which has a 

hi multiple stage structure at a portion at which the first 

4! electrode 24 and the second electrode 26 are overlapped with 

1^1 each other with the piezoelectric/electrostrictive layer 22 

interposed therebetween. 

FIG. 1 is illustrative of a case in which the 
piezoelectric/electrostrictive layer 22 has a three-layered 
structure, the first electrode 24 is formed to have a comb- 
20 shaped configuration to be located at the lower surface of 

the first layer (side surface of the thin plate section 12a, 
12b) and at the upper surface of the second layer, and the 
second electrode 26 is formed to have a comb-shaped 
configuration to be located at the upper surface of the 
25 first layer and at the upper surface of the third layer. In 

the case of this arrangement, the number of terminals 28, 30 
can be decreased by mutually connecting the first electrodes 
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24 and the second electrodes 26 respectively to be common. 
Therefore, the increase in size, which would be otherwise 
caused by the multilayered structure of the 
piezoelectric/electrostrictive element 20a, 20b, can be 
suppressed. 

The respective forward end portions and the respective 
rearward end portions of the pair of thin plate sections 
12a, 12b are thick-walled toward the inside. Mutually 
opposing surfaces 34a, 34b, 34c, 34d of the respective 
thick-walled sections 32a, 32b, 32c, 32d function as object 
attachment surfaces for attaching the object 18. 

On the other hand, the object 18 has a size of such a 
degree that it is accommodated between the respective thick- 
walled sections 32a, 32b of the pair of thin plate sections 
12a, 12b, and it has a substantially rectangular 
parallelepiped- shaped configuration (of course, there is no 
limitation to the rectangular parallelepiped) . The areal 
size of the side surface of the object 18 (surface opposed 
to the thick-walled section 32a, 32b of the thin plate 
section 12a, 12b) is desiigned to be larger than the areal 
size of the object attachment surface 34a, 34b of the thin 
plate section 12a, 12b. 

In FIG. 1, the following positional relationship is 
given. That is, the forward end surface of the object 18 
and the forward end surface of each of the thin plate 
sections 12a, 12b are substantially in the same plane 
surface. The rearward end surface (surface opposed to the 



- 10 - 




fixation section 14) of the object 18 protrudes toward the 
fixation section 14 with respect to the thick-walled 
sections 32a, 32b of the thin plate sections 12a, 12b. The 
object 18 is secured to the object attachment surfaces 34a, 
5 34b of the thin plate sections 12a, 12b by the aid of the 

adhesive 100 as described above. 

In the piezoelectric/electrostrictive device 10 
according to the embodiment described above, as shown in 
FIG. 4, for example, it is preferable that distances La, Lb 
10^ from the central axis n of the object 18 to the respective 

U3 object attachment surfaces 34a, 34b are approximately 

''J identical to one another. 

Tho voltage ic applied to the - pdlj, u£ eleuLrudes 24, 
via terminals (pads) 28, 30 of the respective electroji^ 24, 
lS=. 26 formed on the both side surfaces (element forpd^on 

surfaces) of the fixation section 14 respec;5;afvely . The 
respective terminals 28, 30 are positiopr^ as follows. That 
P is, the terminal 28 corresponding to the first electrode 24 

is formed at the position dev^^aCted toward the rearward end 
20 of the fixation section \^ The terminal 30 corresponding 

to the second electrpile 26 disposed on the side of the 
external space i^k^ormed at the position deviated toward the 
inner wall of/xhe fixation section 14. 

In this embodiment, the piezoelectric/electrostrictive 
25 device/u) can be individually fixed by utilizing the 

surfaces respectively different from the surfaces on which 
le terTninalc; :>ft . -r^p ai-ft arrang ef^ , ^ -r^^ pni-h^ — it is ■ 



nJ 
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poa s l blQ to obtain th o high reliabi r llty for both —e^— ^bjjg 
fixation of the plezoelectrlc/electrostrlctiv^^-dev 10 and 
the electric connection between the^,j0±^cult and the 
terminals 28, 30. In this arrangement, the electric 
connection between th^rermlnals 28, 30 and the circuit is 
made, for exajpple, by means of the flexible printed circuit 
(also r^^P^red to as FPC) , the flexible flat cable (also 
,,g|g^^g3C^dr-""be--^ S FFG ) .--aR d lli^ w ±t ^ bonding^ 

Arrangements other than the arrangement shown in FIG. 1 
are available to construct the 

piezoelectrlc/electrostrictlve device 10 according to the 
embodiment of the present invention. That is, as in a 
piezoelectrlc/electrostrictlve device 10a according to a 
first modified embodiment shown in FIG. 2, the size of the 
object 18 may be further Increased. The embodiment shown in 
FIG. 2 is Illustrative of a case in which the size of the 
side surface of the object 18 is made larger than the size 
of the object attachment surface 34a, 34b in the vertical 
direction and in the lateral direction. 

Further, as in a piezoelectrlc/electrostrictlve device 
10b according to a second modified embodiment shown in FIG. 
3, the whole of the thin plate section 12a, 12b may have an 
identical thickness, without providing the thick-walled 
section 32a, 32b at the forward end portion of the thin 
plate section 12a, 12b. In this case, it is possible to 
attach the object 18 having a larger size. 

In the embodiment of the present invention, the 
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plezoelectric/electrostrictive element 20a, 20b is allowed 
to have the multiple stage structure. Therefore, the 
generated force of the plezoelectric/electrostrictive 
element 20a, 20b is increased, and thus it is possible to 
contemplate the large displacement. Further, the rigidity 
of the plezoelectric/electrostrictive device 10 itself is 
increased, and thus it is possible to realize the high 
resonance frequency, making it easy to achieve the 
realization of a high speed of the displacement action. 

When the number of stages is increased, it is possible 
to increase the driving force. However, the electric power 
consumption is also increased in accordance therewith. 
Therefore, when the device is practically produced and used, 
for example, it is preferable that the number of stages is 
appropriately determined depending on the way of use and the 
state of use. In the case of the 

plezoelectric/electrostrictive device 10 according to this 
embodiment, even when the driving force is increased by 
providing the multistage structure of the 

plezoelectric/electrostrictive element 20a, 20b, the width 
of the thin plate section 12a, 12b (distance in the Y axis 
direction) is basically unchanged. Therefore, the device is 
extremely preferred to make application, for example, to the 
actuator for the purpose of the ringing control and the 
positioning of the magnetic head for the hard disk to be 
used in an extremely narrow gap. 

The operation of the plezoelectric/electrostrictive 



device 10 according to this embodiment will now be 
explained. At first, for example, when the two 
piezoelectric/electrostrictive elements 20a, 20b are in the 
natural state, namely when both of the 

piezoelectric/electrostrictive elements 20a, 20b do not make 
the displacement action, then the major axis m of the 
piezoelectric/electrostrictive device 10 (central axis of 
the fixation section) is substantially alinged with the 
central axis n of the object 18 as shown in FIG. 4. 

Starting from this state, for example, a sine wave Wa, 
which has a predetermined bias electric potential Vb, is 
applied to the pair of electrodes 24, 26 of the first 
piezoelectric/electrostrictive element 20a as shown in a 
waveform figure shown in FIG. 5A, while a sine wave Wb, 
which has a phase different from that of the sine wave Wa by 
about 180°, is applied to the pair of electrodes 24, 26 of 
the second piezoelectric/electrostrictive element 20b as 
shown in FIG. 5B. 

The piezoelectric/electrostrictive layer 22 of the 
first piezoelectric/electrostrictive element 20a makes the 
contraction displacement in the direction of the first 
principal surface at a stage at which, for example, a 
voltage having a maximum value is applied to the pair of 
electrodes 24, 26 of the first 

piezoelectric/electrostrictive element 20a. Accordingly, as 
shown in FIG. 6, for example, the stress is generated for 
the first thin plate section 12a to bend the thin plate 



section 12a, for example, in the rightward direction as 
shown by the arrow A. Therefore, the first thin plate 
section 12a is bent in the rightward direction. At this 
time, a state is given, in which no voltage is applied to 
the pair of electrodes 24, 26 of the second 

piezoelectric/electrostrictive element 20b. Therefore, the 
second thin plate section 12b follows the bending of the 
first thin plate section 12a, and it is bent in the 
rightward direction. As a result, the object 18 is 
displaced, for example, in the rightward direction with 
respect to the major axis m of the 

piezoelectric/electrostrictive device 10. The displacement 
amount is changed depending on the maximum value of the 
voltage applied to each of the 

piezoelectric/electrostrictive elements 20a, 20b. For 
example, the larger the maximum value is, the larger the 
displacement amount is . 

Especially, when a piezoelectric/electrostrictive 
material having a high coercive electric field is applied as 
the constitutive material for the 

piezoelectric/electrostrictive layer 22, the bias electric 
potential may be adjusted so that the level of the minimum 
value is a slightly negative level as depicted by waveforms 
indicated by dashed lines in FIGS. 5A and 5B. In this case, 
for example, the stress, which is in the same direction as 
the bending direction of the first thin plate section 12a, 
is generated in the second thin plate section 12b by driving 



the piezoelectric/electrostrictive element (for example, the 
second piezoelectric/electrostrictive element 20b) to which 
the negative level is applied. Accordingly, it is possible 
to further increase the displacement amount of the object 
18. In other words, when the waveforms indicated by the 
dashed lines in FIGS. 5A and 5B are used, the device is 
allowed to have such a function that the 

piezoelectric/electrostrictive element 20b or 20a, to which 
the negative level is applied, supports the 
piezoelectric/electrostrictive element 20a or 20b which 
principally makes the displacement action. 

As described above, in the 
piezoelectric/electrostrictive device 10 according to the 
embodiment of the present invention, the minute displacement 
of the piezoelectric/electrostrictive element 20a, 20b is 
amplified into the large displacement action by utilizing 
the bending of the thin plate section 12a, 12b, and it is 
transmitted to the object 18. Accordingly, it is possible 
to greatly displace the object 18 with respect to the major 
axis m of the piezoelectric/electrostrictive device 10. 

Especially, in this embodiment, the object 18 is 
attached in such a form that the object 18 is interposed 
between the pair of thin plate sections 12a, 12b. 
Therefore, it is possible to effectively suppress the 
increase in size, especially the increase in size in the Y 
axis direction, which would be otherwise caused when the 
object 18 is attached. 



Further, this embodiment is constructed such that the 
stacked type piezoelectric/electrostrictive element 20a, 20b 
is secured onto each of the thin plate sections 12a, 12b 
made of metal by the aid of the adhesive 104. Therefore, 
the thin plate section 12a (and 12b) can be greatly 
displaced even when the areal size of the 

piezoelectric/electrostrictive element 20a, 20b as viewed in 
plan view is not widened. Further, the device is excellent 
in strength and toughness, and it can respond to any quick 
displacement action, because the thin plate section 12a (and 
12b) is made of metal. 

That is, in this embodiment, it is possible to 
sufficiently respond to any variation of the environment of 
the use and any severe state of the use. It is possible to 
realize a long service life of the 

piezoelectric/electrostrictive device 10, and it is possible 
to contemplate the handling performance of the 
piezoelectric/electrostrictive device 10. Further, the thin 
plate section 12a (and 12b) can be greatly displaced at a 
relatively low voltage. It is possible to achieve the 
realization of a high speed of the displacement action of 
the thin plate section 12a (and 12b) (realize a high 
resonance frequency) . 

Further, in this embodiment, it is unnecessary to 
constitute all of the parts with the 

piezoelectric/electrostrictive material which is a fragile 
material having a relatively heavy weight. Therefore, the 



following advantages are obtained. That is, the device has 
a high mechanical strength, and it is excellent in handling 
performance, shock resistance, and moisture resistance. 
Further, the operation of the device is scarcely affected by 
harmful vibration (for example, residual vibration and noise 
vibration during high speed operation) • 

xn tnis "Smbuaifflent-, — the^pi ezoel e ctrio/GleL. Li-c r strict Tve 
element 20a, 20b is constructed to have the ^^^'^ 
piezoelectric/electrostrictive layer 22 and tjxe^air of 
electrodes 24, 26 which are formed on th^^oth sides of the 
piezoelectric/electrostrictive layep^2. The first 
electrode 24 of the pair of el^<ftrodes 24, 26 is formed 
directly on at least the s;ir<le surface of the thin plate 
section 12a, 12b by th^^id of the adhesive 104. 
Accordingly, the vibration, which is caused by the 
piezoelectric/^d^^ctrostrictive element 20a, 20b, can be 
efficiently/transmitted to the object 18 via the thin plate 
section l^a, 12b. Thus, it is possible to improve the 
respoptee performance. Therefore, it is desirable that the 
adhfesive 104 scarcely inhibits the vibration of the 
mezoelec tria/Ql e ntrontT^i nt-iirn nlnmnni- ^Q pi ^ on^ 

In this embodiment, the portion (substantial driving 
portion), at which the pair of electrodes 24, 26 are 
overlapped with each other with the 
piezoelectric/electrostrictive layer 22 interposed 
therebetween, is formed continuously to be included in a 
region ranging from a part of the fixation section 14 to a 
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part of the thin plate section 12a, 12b. Therefore, it is 
possible to avoid the inconvenience of the restriction of 
the displacement action of the object 18. It is possible to 
increase the displacement amount of the object 18. 

The actual size of each of the components is determined 
considering, for example, the areal size of the object 
attachment surface 34a, 34b of the thin plate section 12a, 
12b, the joining area for attaching the fixation section 14 
to another member, the joining area for attaching the 
electrode terminal or the like, and the strength of the 
entire piezoelectric/electrostrictive device 10, the 
durability, the necessary displacement amount, the resonance 
frequency, and the driving voltage. 

- In the piQgoGlectric/Glccti ? OGtrictive aev/l< j <^ 10, — tfe^ 
shape of the piezoelectric/electrostrictive devicexlO is not 
the plate-shaped configuration (the thicknes^^-^lri the 
direction perpendicular to the displacemieffit direction is 
small) unlike conventional one, Eapn of the object 18 and 
the fixation section 14 has th^.'^3cectangular parallelepiped- 
shaped configuration (the feiiickness in the direction 
perpendicular to the d^placement direction is large). The 
pair of thin plat e/^ect ions 12a, 12b are provided so that 
the side surf aj^e of the object 18 is continuous to the side 
surface of the fixation section 14. Therefore, it is 
possible/to selectively increase the rigidity of 
piez^lectric/electrostrictive device 10 in the Y axis 



That Is, in the piezoelectric/electrostrictive device 
10, it is possible to selectively generate only the 
operation of the object 18 in the plane (XZ plane). It is 
possible to suppress the operation of the object in the YZ 
plane (operation in the so-called flapping direction). 

Next, explanation will be made for the respective 
constitutive components of the 

piezoelectric/electrostrictive device 10 according to this 
embodiment . 

A variety of members may be attached as the object 18 
depending on the purpose of use of the 

piezoelectric/electrostrictive device 10. For example, when 
the piezoelectric/electrostrictive device 10 is used for the 
mechanism for positioning a magnetic head of a hard disk 
drive or for suppressing the ringing, a member required to 
be positioned is attached thereto, including, for example, 
the magnetic head, a slider provided with the magnetic head, 
and a suspension provided with the slider. 

As described above, the fixation section 14 is the 
portion for supporting the thin plate sections 12a, 12b. 
For example, in the case of the use to position the magnetic 
head of the hard disk drive, the entire 
piezoelectric/electrostrictive device 10 is fixed by 
supporting and securing the fixation section 14, for 
example, to a carriage aarm attached to VCM (voice coil 
motor) or a fixation plate or a suspension attached to the 
carriage arm. As shown in FIG. 1, the terminals 28, 30 for 
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driving the piezoelectric/electrostrlctive elements 20a, 20b 
and other members are arranged on the fixation section 14 In 
some cases . 

The material for constructing the fixation section 14 
5 Is not specifically limited provided that It has rigidity. 

However, It Is possible to preferably use ceramics to which 
the ceramic green sheet -laminating method Is applicable as 
described later on. Specifically, the material Includes, 
for example, materials containing a major component of 

10 zlrconla represented by fully stabilized zlrconla and 

O 

partially stabilized zlrconla, alumina, magnesia, silicon 
nitride, aluminum nitride, and titanium oxide, as well as 
materials containing a major component of a mixture of them. 
4Z However, In view of the high mechanical strength and the 

Igj high toughness. It Is preferable to use a material 

containing a major component of zlrconla, especially fully 
stabilized zlrconla and a material containing a major 
component of partially stabilized zlrconla. 

Ae--dej&ejF j : bea ab ove, the—t hin plate sec L ion 12a, 12b^ 



the portion which Is driven In accordance wltfi-'tfie 
displacement of the plezoelectrlc/elep^fei^strlctlve element 
20a, 20b. The thin plate SBp^^±on 12a, 12b Is the thin 
plate -shaped member It^ivling flexibility, and It functions to 
amplify the exMai^on and contracting displacement of the 
25 plezoelectr£c/electrostrlctlve element 20a, 20b arranged on 

the sjaKace as the bending displacement and transmit the 

>Xa: Ocmcnt to thfe obj^^c t : "Tg*: Ther e £ ^ge-y — l±--± s enou g h tha ir 



- 21 - 



the shape or the ma ^be rlal of th e— plate aoction 3r2^ 
'^Si^ provides the flexibility with thejn&chaaa±car''^^ of 
such a degree that it^J^^^,^^ by the bending 

displacement. TJfc-^lTs possible to make appropriate selection 
5 consideriit^the response performance and the operability of 

:erob~ lect 18 , 

The thin plate section 12a, 12b is composed of a metal 
material. It is preferable to use a metal material which 
has flexibility and which is capable of bending displacement 
ip^ as described above. However, preferably, it is desirable 

^0 that the thin plate section 12a, 12b is made of an iron- 

^'1 based material such as various stainless steel materials and 

UJ various spring steel materials. Alternatively, it is 

Jz desirable that the thin plate section 12a, 12b is made of a 

1^ non-ferrous material such as beryllium copper, phosphor 

r|t bronze, nickel, and nickel -iron alloy. A metal material, 

which is equivalent to the metal material for the thin plate 
section 12a, 12b, can be utilized as a material for 
constructing the fixation section 14. 
20 The piezoelectric/electrostrictive element 20a, 20b has 

at least the piezoelectric/electrostrictive layer 22 and the 
pair of electrodes 24, 26 for applying the electric field to 
the piezoelectric/electrostrictive layer 22. It is possible 
to use, for example, piezoelectric/electrostrictive elements 
25 20a, 20b of the unimorph type and the bimorph type. 

However, those of the unimorph type combined with the thin 
plate section 12a, 12b are suitable for the 
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piezoelectric/electrostrictive device 10 as described above, 
because they are excellent in stability of the generated 
displacement amount, and they are advantageous to realize 
the light weight. 

As shown in FIG. 1, the piezoelectric/electrostrictive 
element 20a, 20b is preferably formed on the side surface of 
the thin plate section 12a, 12b in view of the fact that the 
thin plate section 12a, 12b can be driven to a greater 
extent . 

Piezoelectric ceramics is preferfeibly used for the 
piezoelectric/electrostrictive layer 22. However, it is 
also possible to use electrostrictive ceramics, 
ferroelectric ceramics, or anti-ferroelectric ceramics. 
However, when the piezoelectric/electrostrictive device 10 
is used, for example, to position the magnetic head of the 
hard disk drive, it is important to provide the linearity 
concerning the displacement amount of the object 18 and the 
driving voltage or the output voltage. Therefore, it is 
preferable to use a material having small strain hysteresis. 
It is preferable to use a material having a coercive 
electric field of not more than 10 kV/mm. 

Specified materials include ceramics containing, for 
example, lead zirconate. lead titanate, lead magnesium 
niobate, lead nickel niobate, lead zinc niobate, lead 
manganese niobate. lead antimony stannate, lead manganese 
tungstate, lead cobalt niobate, barium titanate, sodium 
bismuth titanate, potassium sodium niobate, and strontium 
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bismuth tantalate singly or in mixture. 

It is also preferable to use ceramics obtained by 
adding, to the material described above, for example, oxides 
of lanthanum, calcium, strontium, molybdenum, tungsten, 
barium, niobium, zinc, nickel, manganese, cerium, cadmium, 
chromium, cobalt, antimony, iron, yttrium, tantalum, 
lithium, bismuth, and stannum singly or in mixture. 

For example, when lanthanum and/or strontivmi is 
contained in the major components of lead zirconate. lead 
titanate. and lead magnesium niobate. an advantage is 
obtained in some cases, for example, in such a way that the 
coercive electric field and the piezoelectric characteristic 

can be adjusted. 

It is desirable to avoid the addition of a material 
such as silica which tends to form glass, because of the 
following reason. That is, the material such as silica 
tends to react with the piezoelectric/electrostrictive 

s a 

□ material during the heat treatment for the 

piezoelectric/electrostrictive layer 22. As a result, the 
composition is varied, and the piezoelectric characteristic 

is deteriorated. 

On the other hand, it is preferable that the pair of 
electrodes 24. 26 of the piezoelectric/electrostrictive 
element 20a, 20b are made of metal which is solid at room 
25 temperature and which is excellent in conductivity. For 

example, it is possible to use metal simple substance or 
alloy of, for example, aluminum, titanium, chromium, iron. 



20 
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cobalt, nickel, copper, zinc, niobium, molybdeniun, 
ruthenium, palladium, rhodium, silver, stannum, tantalum, 
tungsten, iridium, platinum, gold, and lead. It is also 
preferable to use a cermet material obtained by dispersing, 
in the metal described above, the same material as that of 
the piezoelectric/electrostrictive layer 22 or the thin 
plate section 12a, 12b or another ceramic material. 

The material for the electrodes 24, 26 of the 
piezoelectric/electrostrictive element 20a. 20b is selected 
and determined as follows, in view of the fact that the 
piezoelectric/electrostrictive layer 22 and the electrodes 
24, 26 (electrode films) are preferably stacked in multiple 
layers to be integrated into one unit, followed by being 
collectively sintered, because the 

piezoelectric/electrostrictive element 20a, 20b is stuck to 
the thin plate section 12a, 12b by using the adhesive 104. 
In this process, a high melting point metal such as 
platinum, palladium, and an alloy thereof is used for the 
electrode 24. 26. It is preferable that the electrode 24. 
26 is made of cermet which is a mixture of a high melting 
point metal and a piezoelectric/electrostrictive material or 
another cereimic material. 

The thickness of the electrode 24, 26 also serves as a 
factor to considerably decrease the displacement of the 
piezoelectric/electrostrictive element 20a, 20b. Therefore, 
it is preferable, especially for the electrode to be formed 
after the sintering of the piezoelectric/electrostrictive 



layer 22, to use organic metal paste capable of obtaining a 
dense and thinner film after the sintering, for example, a 
material such as gold resinate paste, platinum resinate 
paste, and silver resinate paste. 

Further, for example, organic resin, brazing material, 
or solder may be used as the adhesive 100 for securing the 
object 18 to the object attachment surfaces 34a. 34b of the 
thin plate sections 12a. 12b and as the adhesive 102 for 
securing the fixation section 14 to the object attachment 
surfaces 34c. 34d of the thin plate sections 12a, 12b. 
However, it is desirable to use organic resin when the 
bonding is performed at a low temperature. When the bonding 
may be performed at a high temperature, it is preferable to 
use, for example, brazing material, solder, and glass. 

In the piezoelectric/electrostrictive device 10 
according to the embodiment described above, it is desirable 
that the object 18 is an objective article which is to be 
controlled by an actuator concerning, for example, the 
positional control and the prevention of vibration. 

The piezoelectric/electrostrictive element 20a, 20b 
described above is illustrative of the case in which the 
piezoelectric/electrostrictive layer 22 has the three- 
layered structure. Alternatively, it is also preferable 
that the piezoelectric/electrostrictive layer 22 has a 
structure in which four or more layers are stacked. FIG. 7 
shows an example in which the piezoelectric/electrostrictive 
layer 22 has a five-layered structure. In this structure. 



the first electrode 24 is formed to have a comb- shaped 
configuration to be located at the upper surface of the 
first layer, the upper surface of the third layer, and the 
upper surface of the fifth layer. The second electrode 26 
is formed to have a comb- shaped configuration to be located 
at the lower surface of the first layer, the upper surface 
of the second layer, and the upper surface of the fourth 
layer. The respective first electrodes 24 are common on the 
first side surface of the piezoelectric/electrostrictive 
layer 22, and the respective second electrodes 26 are common 
on the second side surface of the 
piezoelectric/electrostrictive layer 22. 

In the case of the example shown in FIG. 7, the 
increase in the ntamber of terminals can be suppressed by 
mutually connecting the first electrodes 24 and the second 
electrodes 26 respectively to be common. Therefore, the 
increase in size, which would be otherwise caused by the use 
of the piezoelectric/electrostrictive element 20a, 20b, can 

be suppressed. 

As shown in FIG. 8, in the embodiment of the present 
invention, the object 18 is bonded between the forward end 
portions of the respective thin plate sections 12a, 12b with 
the adhesive 100 intervening therebetween, and the fixation 
section 14 is bonded between the rearward end portions of 
the respective thin plate sections 12a, 12b with the 
adhesive 102 intervening therebetween. 

In this arrangement, when an adhesive having fluidity 



is used as each of the adhesives 100, 102, the thick-walled 
sections 32a, 32b. 32c, 32d. which are disposed at the 
forward end portions and the rearward end portions of the 
respective thin plate sections 12a, 12b, successfully define 
the places for forming the adhesives 100, 102 respectively. 
Thus, the object 18 and the fixation section 14 can be 
reliably secured to the forward end portions and the 
rearward end portions of the thin plate sections 12a. 12b 
respectively. Of course, when an adhesive having high 
viscosity is used, it is unnecessary to provide any thick- 
walled sections 32a to 32d as described above. 

Each of the thick-walled sections 32a to 32d may be 
formed such that a plate- shaped member, which is composed of 
the same material as that of the thin plate section 12a, 12b 
or which is composed of a material different from that of 
the thin plate section 12a, 12b. is stacked on the thin 
plate section 12a, 12b. 

FIG. 9 shows the following arrangement. That is. an 
adhesive having high fluidity is used as the adhesive 100 to 
be used to bond the object 18 and the object attachment 
surfaces 34a. 34b of the respective thin plate sections 12a. 
12b. and an adhesive having high viscosity is used as the 
adhesive 102 to be used to bond the fixation section 14 and 
the object attachment surfaces 34c. 34d of the respective 
thin plate sections 12a. 12b. FIG. 9 illustrates an example 
in which the thick-walled sections 32a. 32b are formed at 
the forward end portions of the thin plate sections 12a, 12b 
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for which the adhesive having high fluidity is used. 

FIG. 10 shows the following arrangement. That is. an 
adhesive having high viscosity is used as both of the 
adhesives 100, 102 to be used to bond the object 18 and the 
thin plate sections 12a. 12b, and to be used to bond the 
fixation section 14 and the thin plate sections 12a, 12b. 
FIG. 10 illustrates a structure in which the thick-walled 
sections 32a to 32d as described above are not formed at the 
forward end portions and at the rearward end portions of the 
thin plate sections 12a, 12b- 

FIG. 11 shows the following arrangement. That is. an 
adhesive having high fluidity is used as both of the 
adhesives 100, 102 to be used to bond the object 18 and the 
thin plate sections 12a, 12b, and to be used to bond the 
fixation section 14 and the thin plate sections 12a, 12b. 
Especially, FIG. 11 illustrates an example in which 
projections 108 for comparting regions to form the adhesives 
100, 102 are provided for the respective thin plate sections 
12a, 12b. 

It is a matter of course that the 
piezoelectric/electrostrictive device according to this 
invention is not limited to the embodiments described above, 
which may be embodied in other various forms without 
deviating from the gist or essential characteristics of this 
invention . 
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